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RESEARCH MEMORANDUM

CHORDWISE PRESSURES AND SECTION FORCE AND MOMENT
COEFFICIENTS AT HIGH SUBSONIC SPEEDS NEAR
MIDSPAN OF A TAPERED 35° SWEPTBACK
WING WITH A FLAP-TYPE CONTROL
AND AN ATTACHED TAB

By Alexander D. Hammond and Barbara M. Keffer
SUMMARY

An investigation has been made in the Langley high-speed 7- by
10-foot tunnel through a Mach number range from 0.60 to 0.93 in order
to determine the effects on the chordwise pressures and on the section
force and moment coefficients near midspan of deflecting a flap-type
control with an attached tab on a swept wing. The semispan 35° swept-
back wing had an NACA 65A006 airfoil section, an aspect ratio of L,
and a taper ratio of 0.6. The wing was equipped with a 20-percent-
chord flap-type control extending from 25 to 75 percent of the semi-
span with a 6-percent-chord full flap-span attached tab.

The results of the investigation are presented in the form of tabu-
lated pressure coefficients and curves of the variation of the section
force and moment coefficients with flap deflection for various tab
deflections, angles of attack, and Mach numbers.

INTRODUCTION

The use of flap-type controls on high-speed aircraft has presented
the problem of large control forces normally associated with this type
of control. The use of an attached tab to reduce the control force has
been the subject of investigations at both low and high speeds (for
example, ref. 1).

There is, however, very little information concerning the aerody-
namic loads on swept wings equipped with flap-type controls with an
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attached tab. In order to obtain information on such loads and on the
flow in the vicinity of flap-type controls with attached tabs on swept
wings, chordwise-pressure measurements have been made in the Langley
high-speed 7- by 10-foot tunnel at one spanwise location on the upper
and lower surfaces of a 35° sweptback wing. The semispan wing was
equipped with a 20-percent-chord sealed flap-type control extending

from 25 to 75 percent semispan with a 6-percent-chord full flap-span
attached tab. Pressure distributions over the wing and flap of this
investigation without the attached tab have been reported in reference 2.

COEFFICIENTS AND SYMBOLS

Cry section normal-force coefficient of main airfoil with
flap and tab,

0.80¢ 1.00c
%j; (Su - 8y )ax + &cz’f—fo (Su - 8)ax +

.80c
cos(6f + St) 1.06¢
c (Su B Sl)dx
1.00c .
Cnp section normal-force coefficient of flap with tab,
1 1.00c¢ cos By 1.06¢c ( .
— S, - 55)dx + ——————\jp S, - 851dx
u 1 u 1
o.20cj;.80C ( ) 0.20c /7 ooe )
Cny section normal-force coefficient of tab,
1 1.06¢
S,, - Sy)dx
0.06C “/]_\.OOC ( u Z>
Cmc/h section pitching-moment coefficient of main airfoil with flap

and tab measured about quarter-chord point,

1 0.80c
:éfo (Su - Sl>(0.25c - x)dx +

1.00c
j;\jp (Su - SZ>(O.8OC - 0.55¢c cos ¥f - x)dx +
c2 Jo

.80c

1.06¢
L (Sy - 87) E.OOC - 0.55¢ cos (b + By) -
c® J1.00c

0.20c cos &6 - x|dx
CONBESEEER:
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Chf

ch‘b

CHSNEEDINE 3

section hinge-moment coefficient of flap with tab about
flap hinge line (0.80c),

1.00c
1 fo (Su - sz) (0.80c - x)ax +

O.Ol+c2 .80c
1 1.06¢c
——Ef (8w - 87)(1-00c - 0.20c cos By - x )dx
0.04ec™"Y 1.00c
section hinge-moment coefficient of tab about tab hinge
1.06¢
line (1.00c), —-—1—-3f (su - sz) (1.00c - x)ax
0.0036c“ Y 1.00c
pressure coefficient, E97§—2

wing span, ft

local chord, ft

total free-stream pressure, lb/sg ft
Mach number

local static pressure, lb/sq ft
free-stream dynamic pressure, lb/sq ft

chordwise coordinate measured in planes parallel to plane
of symmetry for zero &y and By, ft; positive direction

is toward trailing edge
spanwise distance from plane of symmetry, ft

vertical coordinate measured in planes perpendicular to
wing chord for zero &p and &y, ft

angle of attack, deg

control deflection, deg



Subscripts:

t

W

wing upper surface
wing lower surface
flap

tab

wing

Section parameters:

i

(Con)e,
(cnf) B¢

U

<écn;>
a&t S¢
Bcnf
03

of

dc
(Cnt>6t B <§62§>6f

(cmc/ l‘> B¢ ]

chf

ch‘t

() (2‘;?%

ot

dc
ng
(Cnt) B } (56f B4,
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(o), = (550,
(Cme /) 5, = é;% i
'
eo)ep ~ e,
(onr) o5 (:;? -

The subscripts &y and &y outside the parentheses indicate that

the factor was held constant. All slopes were measured at 0O° angle of
attack and near 0° flap or tab deflection.

APPARATUS AND MODEL

The model used in this investigation was a semispan sweptback wing
mounted vertically in the Langley high-speed 7- by 10-foot tunnel with
the ceiling serving as a reflection plane.

The geometric characteristics and dimensions of the wing are shown
in figure 1. The wing was made of steel and had 35° sweepback of the
quarter-chord line, an aspect ratio of L4, a taper ratio of 0.6, and had
no twist or dihedral. The wing had NACA 65A006 airfoil sections par-
allel to the free stream.

The pressure orifices were located on the upper and lower surfaces
at the 46-percent-semispan station. The chordwise and vertical posi-
tions of the orifices are listed in table 1 for zero flap and tab deflec-
tion. There is a difference in the chordwise positions of the orifices
between the positive and negative flap deflections resulting from the
testing technique used in obtaining the data as noted in the tables.
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TESTS

All the tests were made in the Langley high-speed 7- by 10-foot
tunnel. The data presented in this report are representative of a
flap-type control deflected from -30° to 30° with an attached tab
deflected from -20° to 20° through a Mach number range from 0.60 to 0.93
at angles of attack from 0° to 20°. However, since the model was sym-
metrical, it was found convenient to fix the flap at a given positive
flap deflection and test through the positive and negative angle-of-
attack range and positive and negative tab-deflection range; this pro-
cedure explains the differences in the chordwise ordinates given in the
tabulated data for the positive and negative flap deflections. The

Reynolds number varied from about 3.1 X lO6 at M = 0.60 to about
4,0 x 106 at M = 0.9%3 when based on the wing mean aerodynamic chord.

PRESENTATTION OF DATA

In order to expedite the publication of these data, the pressure
coefficients are presented in tabular form without any discussion of the
results. Table 2 gives a summary of the flap and tab deflections for
which the pressure coefficients are given in tables 3 to 35. Repre-
sentative chordwise pressure distributions are presented in figure 2
at a Mach number of 0.90, an angle of attack of OO, and for both posi-
tive and negative flap and tab deflection. The tabulated data have
been mathematically integrated by using the trapezoidal rule. In the
reduction of the data, the contributions of the chord forces, which
may be important in some cases, have been neglected in the computation
of the section moments and normal forces, since these contributions
were found to be small. Curves of the variation of the section normal-
force, section pitching-moment, and section hinge-moment coefficients
with flap deflection are presented in figures 3 to 8 for the wing, the
flap, and the tab for tab deflections from -10° to 10° and for angles
of attack from O° to 20° at Mach numbers of 0.60, 0.80, 0.90, and 0.93.
The variation of the effectiveness parameters ana’ cnfS’ cnta,

Cmc/ha’ chfs’ and cht5 with Mach number is given with respect to
both flap and tab deflection in figure 9.

Langley Aeronautical Laboratory,
National Advisory Committee for Aercnautics,
Langley Field, Va., January 7, 195k.
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TABLE 1.- CHORDWISE AND VERTICAL COORDINATES FOR ORIFICES

[Bf = Oo; 6(1 = O(zl

x/c z/c x/c z/c

0 0 0.7400 -0.01837
.0100 .00680 .7500 .01775
.0200 -.00876 L7700 -.01639
.0400 .01180 L7800 .01570
.0600 -.01425 .8100 .01384
.0800 .01638 .8200 -.01334
.1000 -.01824 .8300 .01284
.1500 .02194 .8533 -.01167
.2133% -.02531 .8733 .01067
.2533 .02728 .8833 -.01017
.3033% -.02849 .9033 .00916
.3533 .02948 .9133 -.00866
67 -.02995 .93%3% .00766
L4567 .02983% .9L33 -.00716
.5067 -.02907 .9633% .00616
.5567 .02767 9733 -.00566
.5867 -.02653 .9833 .00515
.6300 .02460 .9933 -.00465
.6500 - .023%64 1.0033 .00415
.6700 .02253% 1.01%3 .00%65
.6800 -.02198 1.023%3 -.00315
L6900 .02142 1.0333% .00265
.7100 -.02025 1.0433 -.00215
.7200 .01962 1.0533 .00165
. 7300 . 01900 1.0583 -.00140
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TABLE 2.- INDEX TO TABULATED DATA

— _
B¢ Table Bp B¢
0 20 20 -10
10 21 30 -20
20 22 -10 0
-10 23 -10 10
-20 24 -10 20
0 25 -10 -10
10 26 -10 -20
20 27 -20 0
-10 28 -20 - 10
-20 29 -20 20
0 30 -20 -10
10 31 -20 -20
20 32 -30 0
-10 33 -30 10
-20 3k -30 20
0 35 -30 -20
20
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TABLE 3. — PRESSURE COEFFICIENTS AT 0.46 SEMISPAN
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TABLE 4. — PRESSURE COEFFICIENTS AT 046 SEMISPAN.

870ower surface orifice is denoted by -.
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TABLE 2/ — PRESSURE COEFFICIENTS AT 046 SEMISFAN.
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TABLE 25— PRESSURE COEFFICIENTS AT 046 SEMISFAN.
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TABLE 34— PRESSURE COEFFICIEN 7S AT 046 SEMISPAN.
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TABLE 35— PRESSURE COEFFICIENTS AT O46 SEMISFAN.
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